Background: Interim analyses of randomised controlled trials are sometimes published before the final results are available. In several cases, the treatment effects were noticeably different after patient recruitment and follow-up completed. We therefore conducted a literature review of peer-reviewed journals to compare the reported treatment effects between interim and final publications and to examine the magnitude of the difference. Methods: We performed an electronic search of MEDLINE from 1990 to 2014 (keywords: 'clinical trial' OR 'clinical study' AND 'random*' AND 'interim' OR 'preliminary'), and we manually identified the corresponding final publication. Where the electronic search produced a final report in which the abstract cited interim results, we found the interim publication. We also manually searched every randomised controlled trial in eight journals, covering a range of impact factors and general medical and specialist publications (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014). All paired articles were checked to ensure that the same comparison between interventions was available in both. Results: In all, 63 studies are included in our review, and the same quantitative comparison was available in 58 of these. The final treatment effects were smaller than the interim ones in 39 (67%) trials and the same size or larger in 19 (33%). There was a marked reduction, defined as a 20% decrease in the size of the treatment effect from interim to final analysis, in 11 (19%) trials compared to a marked increase in 3 (5%), p = 0.057. The magnitude of percentage change was larger in trials where commercial support was reported, and increased as the proportion of final events at the interim report decreased in trials where commercial support was reported (interaction p = 0.023). There was no evidence of a difference between trials that stopped recruitment at the interim analysis where this was reported as being pre-specified versus those that were not pre-specified (interaction p = 0.87). Conclusion: Published interim trial results were more likely to be associated with larger treatment effects than those based on the final report. Publishing interim results should be discouraged, in order to have reliable estimates of treatment effects for clinical decision-making, regulatory authority reviews and health economic analyses. Our work should be expanded to include conference publications and manual searches of additional journal publications.
Introduction
Randomised controlled trials usually take several years to conduct. Interim analyses of randomised controlled trials involve early looks at the data, usually by an Independent Data Monitoring Committee or Data and Safety Monitoring Boards, to examine safety and sometimes efficacy. 1, 2 The data are examined confidentially by these review committees, with only major recommended changes to the trial communicated to the study investigators. Recommendations could be to continue the trial as planned, continue the trial but with modifications to the protocol, or to stop the trial because of safety concerns, a clear benefit has been found, or futility if the objectives are unlikely to be achieved.
There is often pressure on investigators to present trial findings sooner than later, which may involve oral or poster presentations at conferences, or publication in peer-reviewed journals. This is usually done for trials that do not have blinded interventions. Specifically, we observed examples where the final treatment effect was noticeably smaller than the one reported in the interim analysis.
Importantly, there have been several instances where the interim results were made available in the public domain, based on data while the trial was still recruiting or in follow-up (so has not yet reached the target sample size or number of events). Following the European Clinical Trial Regulation 3 which will apply from 2016, trial sponsors are required to submit a summary of intermediate results to the European Union database within 1 year of any analysis specified in the trial protocol if the trial results are available (Article 37), for instance, when a trial that has closed early at a prespecified interim analysis but patients remain in followup.
We therefore conducted a preliminary literature review to compare treatment effects that were reported in both interim and final publications, to examine the magnitude of the difference and key factors about the study or publication.
Methods
We first performed an electronic search of MEDLINE from 1990 to 2014 using the following keywords: 'clinical trial' OR 'clinical study' AND 'random*' AND 'interim' OR 'preliminary'. Titles and abstracts were examined, and we manually identified the subsequent final publication using citations, the trial name, the authors, and the regimen description. Where the electronic search produced a final report in which the abstract cited interim results, we found the corresponding interim paper using the reference. However, we were aware that our approach could only identify articles which specifically mentioned 'interim' or 'preliminary' in the abstract, and there are articles that do not. To address this, we also manually searched eight journals (considered feasible), selected to cover a range of impact factors, and general medical and specialist publications associated with common disorders: American Heart Journal, British Medical Journal, Journal of Clinical Oncology, Journal of the American College of Cardiology, Journal of the American Medical Association, Lancet, Neurology, and New England Journal of Medicine, beginning when many journals were available electronically (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The manual search involved examining every article from a randomised trial in full, to identify interim reports (and the subsequent final report found) or to determine whether an interim analysis had been previously published. It would have been impractical to manually search every single medical journal in this detailed way. Therefore, our study should be a representative sample of randomised controlled trials that have reported both interim and final results, rather than a complete literature review of all trials ever published.
The search results are shown in a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram ( Figure 1 ), and although our study is not a standard meta-analysis, we have reported our findings in accordance with the PRISMA statement where applicable. 4 All paired articles were reviewed independently (by N.C. and D.B./J.F.) to ensure that they should be included in our review, and information about the study and the publication were extracted, where available (Table 1) : disease area; sponsor; funding support; sample size and number of events; use of blinding; pre-specification, interpretation of finding, and timing of interim analysis; effect size for the primary endpoint (e.g. relative risk, hazard ratio, or yA randomised comparison of the same efficacy endpoint was not reported in both articles; either different data were available in the two reports or data were not provided by the randomised groups. Noninferiority and equivalence designs were also excluded. zThe interim and final results were not directly comparable: three reported multiple outcomes at different time points, one reported using different methods and subgroups, and one had no control arm. The interim and final results were consistent in four of these trials. mean difference); and whether patients were allowed to crossover after interim results were reported.
The difference between published interim and final results was expressed as a percentage change, appropriate for effect sizes based on risk (e.g. relative risk or hazard ratio). This approach tended to give more conservative differences than calculating the difference based on the relative reductions (which could also exaggerate small changes); for example, a relative risk of 0.54 (interim) versus 0.76 (final) represents a 41% reduction using the estimates themselves ((0.54-0.76)/ 0.54) but a 48% decrease using the relative effects ((0.46-0.24)/0.46). In some cases, the treatment effect was estimated either using the number of events and participants or by combining effects across subgroups. We also investigated the association between the magnitude of percentage change in effect sizes and other study or publication factors using scatter plots, nonparametric correlations and tests, and multiple linear regression. Very few studies used continuous variables for endpoints and so were considered separately. Analyses were performed using SPSS version 22.
Results
A total of 63 trials were identified, in which the same quantitative comparison was reported in 58 trials. More than half of the trials were in oncology (n = 38, 60%), and 24 (38%) reported that subjects were blinded. In all, 17 (27%) trials had a commercial company sponsor, and 30 (48%) received commercial company support (including academic initiated trials funded by a pharmaceutical company). Nineteen (30%) trials were still recruiting patients when the interim reports were published, with a median time to the final published report of 39 (range, 5-228) months. Thirty (48%) of the interim reports were published in a journal with a current impact factor of .20, compared with 22 (35%) of the final reports. Thirty-five (56%) of the interim reports stated that the analysis was pre-specified in the trial protocol, and 44 (70%) reported a difference existed between trial arms (i.e. a 'positive' finding); 10 (21%) trials reported patient crossover between arms. Table 2 shows the interim and final treatment effect for each of the 58 trials in which the same quantitative comparison was reported by the investigators and the magnitude of the difference between the reported effects. The final results were generally of a smaller magnitude than the interim ones, with a smaller effect size observed in 39 (67%) trials and the same or a larger effect size in 19 (33%). There was a marked reduction in 11 (19%) trials, defined as a 20% decrease in the size of the treatment effect from interim to final analysis, compared to a marked increase of 20% in 3 (5%) trials (p = 0.057). Figure 2 (a) is a scatter plot of the effect size at interim and final results for the 54 studies which used risk as an endpoint, and Figure 2 (b) is a Bland-Altman style plot. In all, 37 data points are beyond the reference line indicating a reduction in effect size, 17 showed the same or an increase in effect size. The percentage change in effect size from interim to final results ranged from 2120% to 26%, but there is a clear mean reduction of 210.3% (95% confidence interval (CI) = 216.9 to 23.7, p = 0.002). If the 10 trials in which treatment crossover was allowed were excluded, the change in effect size reduced but remained statistically significant (27.7%, 95% CI = 215.0 to 20.3, p = 0.041). Generally, the magnitude of the percentage change decreased as the effect size decreased, that is, towards the no effect value of 1.
Scatter plots suggest that the magnitude of change in effect size from interim to final results increases as the proportion of final events at the interim report decreased (correlation = 20.330, p = 0.023, Figure 3(a) ) and in trials where there was commercial company support, with a median of 14.5% versus 7.0% among those without such support (p = 0.010, Figure 3(b) ). Multiple linear regression showed that the (log-transformed) magnitude of percentage change was dependent on these two factors and that there was also a significant interaction between them (p = 0.023). In trials with commercial support, the (log-transformed) magnitude of percentage change increased more as the proportion of final events at the interim report decreased, that is, larger changes in effect size were found in interim analyses reported on a smaller proportion of events (Figure 3(c) and (d) ).
There was no material association with type of disease (p = 0.72), study sponsor (p = 0.83), use of blinding (p = 0.77), pre-specifying the interim analysis (p = 0.14), interpretation of finding (p = 0.16), allowing crossover (p = 0.41), proportion of final sample size at the interim report (p . 0.99), year of interim publication (p = 0.28), year of final publication (p = 0.47), time between interim and final report (p = 0.20), impact factor of the interim publication journal (p = 0.26), or impact factor of the final publication journal (p = 0.31), Figure 4 . There was no evidence of a difference between trials that stopped recruitment at the interim analysis where the interim was reported as being pre-specified versus those that were not pre-specified (interaction p = 0.87), although only 16 (28%) trials were still recruiting ( Supplementary Figure) .
Two examples of trials with noticeable differences between interim and final publications were: (1) examining trastuzumab after adjuvant chemotherapy in patients with HER2-positive early-stage breast cancer (HERA trial), 5,6 the interim hazard ratio for diseasefree survival was 0.54 (95% CI = 0.43 to 0.67), but the subsequent reported hazard ratio was 0.76 (95% CI = 0.66 to 0.87), a 41% decrease in the estimate of treatment effect which was outside of the earlier CI;
(2) examining sorafenib in patients with advanced clear-cell renal-cell carcinoma, 7,8 the interim hazard ratio for survival was 0.72 (95% CI = 0.54 to 0.94), but the subsequent hazard ratio was 0.88 (95% CI = 0.74 to 1.04), a 22% decrease in the estimate of treatment effect to a statistically non-significant result. In both cases, patients were allowed to change to the more effective treatment following the interim analysis (sensitivity analyses censoring these patients gave larger effect sizes but still of smaller magnitude than interim results).
There were also instances in which the authors' main conclusions differed between the interim and final reports. For example, the FinXX study investigators concluded that 'the capecitabine-containing chemotherapy regimen reduced breast cancer recurrence compared with a control schedule of standard agent' at the planned interim analysis; however, at the time of the final analysis their conclusion was that 'integration of capecitabine into a regimen that contains docetaxel, epirubicin, and cyclophosphamide did not improve recurrence-free survival significantly compared with a similar regimen without capecitabine'. 9, 10 The final publication was accompanied by an editorial that discussed when adjuvant breast cancer trials should be reported, and it stated that the FinXX trial was most likely reported prematurely in the earlier article, 11 which highlights the importance of carefully considering the timing of any interim analyses and the associated data maturity in a pre-specified monitoring plan.
Discussion
There have already been discussions in the literature about the potential problems of stopping randomised controlled trials early for benefit based on published interim results, including the issue of biased efficacy estimates, [12] [13] [14] although it has been argued that this bias may be small when considering all trials that use stopping guidelines rather than only trials that are stopped early. [15] [16] [17] We are the first to quantify the difference between interim and final results, using a relatively large representative number of randomised controlled trials identified in a systematic way, and have examined this in relation to key factors.
Among the 58 trial pairs for which the same quantitative comparison was available, we found a clear negative association overall, where the size of the treatment effect was reduced in 67% of the trials between the interim and final report, and 19% showed a marked reduction. We found that commercial company funding and the proportion of final events at the interim report were associated with noticeable changes in the effect size; in trials with commercial support, larger changes in effect size were found in interim analyses reported on a smaller proportion of events. These findings, from readily searchable and peer-reviewed journals, highlight the issue of disseminating interim results and can be considered hypothesis-generating with regard to other publication sources. There was no evidence of a difference when considering trials that were stopped early following a pre-planned interim analysis compared to those that were not pre-planned. Although it is useful to consider whether interim analyses were pre-specified (which might then be considered as the 'final' analysis), our point is that there is a clear trend for the treatment effect found at this stage to be, on average, larger than one based on the original (full) target follow-up and number of events.
We acknowledge that there will be more than 63 randomised controlled trials where both the interim and final analyses have been made publicly available, but many of the interim results are expected to have been presented at conferences. In our study, we chose to examine only interim reports that were published in journals, to match the same proper peer-review process as the final report. A similar association is expected using conference publications, though given that trials showing beneficial effects are more likely to be selected for oral presentations, the magnitude of the difference between interim and final results could be greater than we found. Future work incorporating other publication sources is required to investigate this hypothesis. Another limitation of our review is that the electronic search strategy relied on 'interim' or 'preliminary' being stated in the abstract, but our detailed manual search verified that we were not systematically missing reports through misspecification of electronic search terms. A total of 12 trials were found through the manual search of the eight journals because either the earlier report was not referred to as an interim analysis or it was only acknowledged in the main text rather than the abstract. However, the manual search was based on only eight journals (because our project was unfunded), so our work could be expanded to incorporate additional manual searches. We did not examine methodological quality because our aim was to look at within-trial comparisons of treatment effects rather than to combine the effects as in a standard meta-analysis. Also, crossover to alternative treatments or other trial treatment could have diluted the effect sizes at the final analysis, creating more uncertainty over the true treatment effect, but this is a known issue. 18 However, a clear negative association remained after excluding such trials from our analysis. Indeed, other trial factors such as patient monitoring and further therapy may also change after the results are published, such factors might directly influence any later analyses carried out, but the impact could not be assessed from available information in the articles. Despite these limitations, the articles we examined should be a representative subset of all interim/final paired reports, to provide a sufficiently reliable first analysis.
Finding an effect size that is smaller at the final analysis than at the interim stage is analogous to examining repeated measurements: relatively high or low observations are likely to be followed by a less extreme observation due to natural variability (i.e. regression towards the mean). 19 Results should be more reliable as more patients (or events) are accrued. This was clearly illustrated in a study of candesartan for cardiovascular death, where successive interim analyses yielded increasingly smaller treatment effects (the analyses were examined by the Independent Data Monitoring Committee, and not published); the hazard ratio was 0.63 in March 2000 but 0.91 in March 2003. 20 Also, time-to-event outcome variables can be heavily biased if the proportional-hazards assumption is violated, which can occur if the censoring pattern has changed, 21 such as between the interim and final analysis because the data are not yet mature.
Interim analyses are important for interventional trials, by providing information for an Independent Data Monitoring Committee or Data and Safety Monitoring Board to confidentially review and to help inform whether it is appropriate for the trial to continue as planned (and our article is not about the pros and cons of such analyses). 1, 2, 22 However, there is often pressure on investigators to publish or present their research sooner rather than later, particularly when there appears to be a clear treatment effect. In the European Clinical Trials Regulation, a measure intended to improve transparency is that trial sponsors should submit a summary of intermediate results to the EU database within 1 year of the analysis, if the analysis had been specified in the protocol and the trial results are available (Article 37). 3 Lilford et al. 23 argued that all interim data should be publicly available as it accrues, to allow patients to make decisions, and that withholding this information is ethically dubious. Miller and Wender 24 counter that confidential data monitoring is acceptable, providing participants are no worse off than in the usual clinical setting; there are both individual and collective ethical considerations. 25 However, failure to obtain a reliable result could itself be considered unethical, in order to avoid future patients being exposed to interventions with uncertain effects.
The issue of reporting early results for primary or key secondary endpoints remains today, after we found several such trials published recently in high impact journals likely to have final analyses published in the future. [26] [27] [28] [29] Although the authors of many of the interim reports included in our review noted some caution in their discussion, once the results are published they are in the public domain, difficult to ignore, and open to interpretation. This should only be considered in the context of a pre-specified monitoring plan incorporated in the trial protocol; if the trial closes based on an interim analysis, this could become the primary study results and later updated results could be influenced by post-closure factors. [15] [16] [17] Furthermore, when examining the health economic aspects of an intervention, an overestimate of the treatment effect would make the intervention appear more cost-effective than it really is. In our review, 30% of trials were still recruiting when the interim report was published. Geller and Pocock 30 stated, 'Once interim results are reported, no matter how carefully qualified, all trial participants are subject to external pressure . if interim results are 'significant', there will be pressure to unblind the results'. Also, it is questionable whether patients should still be randomised after the interim results are available and accepted. [12] [13] [14] [15] We conclude that while examining interim results is an important part of trial monitoring, publishing them need to be considered with caution, or better still avoided, particularly while patients are still being recruited. It is essential to have reliable estimates of treatment effects for both patients and clinicians to make proper informed choices, for regulatory authority reviews and reliable health economic analyses. We suggest further work be carried out to include conference abstracts and a larger number of journals to be searched manually.
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